ABSTRACT
INTRODUCTION
Importance of clinical chemistry results for effective patient care has been continually increasing. With the increasing focus on achieving better analytical quality through usage of improved laboratory analyzers, internal and external quality control -steady improvement in analytical quality is almost certain. However, it has been long realized that in order to achieve total quality, laboratories would need to focus on all steps in laboratory testing i.e. preanalytical, analytical and postanalytical. Once we are aware of the causes of mistakes, corrective action could be taken to reduce them which could further improve total quality of laboratory services.
One of the earlier studies analyzing the causes of laboratory errors found that out of total studied errors, 46% were contributed by pre-analytical and 47% by post-analytical phase, whereas, analytical phase contributed only to 7% of errors (13) . Later, Plebani and Carraro (14) attributed 68% of laboratory errors to preanalytical phase. Similar observations were made through several other publications (15, 16) . These findings clearly indicate that in order to further improve upon the quality of laboratory services, a complete focus on all aspects of preanalytical, analytical and post-analytical phases is required.
Although, there are guidelines by CLSI (2) suggesting procedure for diagnostic specimen collection, these are not mandatory in India. Therefore there is large diversity in sample collection procedures. Various modes of venous blood specimen collection methodology and devices are used in the country. Closed evacuated blood collection system is being used by only small number of users, while majority use needles and syringes and transfer blood to re-used glass vials or very few use non vacuum tubes. The influence of such practices on quality of specimens has not been established in the past.
In view of the above, following study was designed in order to find out the impact of modes of venous blood collection on various preanalytical specimen quality indicators.
MATERIAL AND METHODS
Subjects: All samples examined were collected from patients that had been referred to the laboratories for various clinical chemistry assays and therefore the study did not involve collection of any additional blood specimens. In total, 26,638 patient specimens were monitored during 6 months of study period at two institutions for various preanalytical specimen quality checks. Both participating facilities used their existing mode of specimen collection without any modifications.
Mode of Specimen Collection:
Venous blood specimens were collected using two different modes:
1.
Closed Collection Mode: Patient blood was collected by employing closed blood collection method using the BD Vacutainer® blood collection system. This involved usage of BD Vacutainer® multi sample needles, BD Vacutainer® holder and BD Vacutainer® serum tubes (red top, 5ml tube). Blood was allowed to fill the tube until the vacuum was exhausted and blood flow ceased. The specimen was mixed by complete inversions for 8 -10 times immediately after the draw. The order of specimen draw was maintained as recommended by CLSI (2). The needle was discarded into sharps container, while the (re-usable) BD Vacutainer® holder was re-used. Specimens thus collected were kept at room temperature for 60min before centrifugation. The un-opened tubes were centrifuged after ensuring balancing, using Beckman Coulter SPINCHRON DLX centrifuge at 1300g for 10 minutes.
2.
Open Collection: All blood specimens under this mode were collected using normal hypodermic needle (22G) and disposables syringes (5ml, 10ml) procured from normal hospital purchase process. Open collection was carried out using either of the following methods using different specimen containers.
a. Open Collection with BD Vacutainer® tube: Venous blood was collected using needle and syringe (as mentioned above). After sufficient amount of blood was withdrawn from patient in syringe, needle was mutilated using needle burner. The mutilated needles was then re-capped and removed from the syringe. The venous blood was transferred to the BD Vacutainer® serum tube (red top, 5ml) after the Hemogard™ cap of the tube was removed. Precautions were taken to minimize froth formation while transferring the specimen. The syringe and the recapped, mutilated needle were discarded in hypochlorite solution. The specimens were left at room temperature for 60min before centrifugation at 1500g for 10 minutes using REMI R8C centrifuge.
b.
Open Collection using glass, reused vials: Specimens collected using needle and syringe (as mentioned above) were transferred to glass, re-used, washed, dry, injection vials. All care was taken to reduce any froth formation during the transfer of specimens. Samples were transferred at room temperature to the laboratory in a sample tray in upright position. After minimum one hour of collection, samples were centrifuged at 1500g for 10 min using REMI R8C centrifuge.
Washing of Vials:
The vials were washed in the hospital CSSD unit following regular procedure. Washing process involved -disinfection, autoclaving and removal of residual blood by sequential thorough washing in tap water and detergent. The vials were finally rinsed in running tap water and dried in hot-air oven. The rubber caps used were washed in the same way as vials except that they were air dried.
Laboratory / Hospital Information System: All BD Vacutainer® closed collections were carried out at the facility having Hospital / Laboratory Information system for requisition and report management. However, 'Open collections' were carried out at a facility with manual data management.
Data Handling:
At the time of collection of all specimens, the phlebotomists were required to fill up a form ( Figure 1 ). This form traveled along with the specimen to the laboratory. The form was divided into two sections, one filled at the time of collection, while the other was filled once the specimen entered the laboratory (site of analysis). All preanalytical specimen quality checks were carried out in the laboratory.
Preanalytical Quality Checks: All specimens were checked for preanalytical quality using the method / criteria given in the Table 1 (also refer Figure 1 ).
The observations made for quality check of studied specimens belonging to each of venous blood collection method have been presented in the Table 2 . All incidences of specimen quality errors in this table have been calculated to per 10,000 samples for each collection mode.
Specimen Identification and Tracking Related
Observations (refer column 'a, b &c and rows i -iv' in Table  2 ): It is observed that the facility which had laboratory information system (BD Vacutainer® closed collection user), does not show any major identification related errors. There has been incidence of just 4 specimens in 10,000 where one or more mandatory ID is found to be missing. As compared to this, the facility which has manual tracking system for samples (where all open collections were done) has 6 specimens with sample ID and form mismatches (serious error) and incidence of 10 samples getting lost in transit per 10,000 specimens. Besides this, the facility also showed 199 specimens that have one or more mandatory ID missing posing potential risk of error. Data Analysis: Total incidence of specimen quality indicators in each of specimen collection modes was derived. Since the number of specimens studied under each of the blood sample collection groups varied from 3787 to 18512, the incidence of quality check for each mode was plotted to a common base. This was done through calculation of incidence per 10,000 specimens.
RESULTS AND DISCUSSION
Of the total number 26,638 specimens collected, 18,512 were The above demonstrates that Laboratory / Hospital information system results in reducing identification and tracking related errors. This observation is in line with the reported role of bar coding / information system in ensuring accuracy in specimen identifications (1)
Specimen Volume Related Errors (refer column d, e, f and g, Table 2 ): Only one specimen per 10,000 collected using BD Vacutainer® closed collection system had insufficient volume to perform the analysis. As compared to this, there are 222 incidences of inability to perform one or more analysis in case of open collection method -this required redraw of specimen from the patients. Besides this, the incidence of under-filling specimen containers was also observed to be more than 10 times higher in case of open collections as compared to closed collections.
Since BD Vacutainer® tubes have been previously evacuated to a pre-determined level (2), the vacuum ensures that the correct volume fills the tube and is responsible for the very low incidence of insufficient specimen volume. As compared to this, volume of blood delivered to the containers in case of open collection is subject to human error. With the fixed volume syringes are used, there may be a possibility of variation in the volume delivered into the open containers when smaller than needed volumes of collected specimen were coupled with the inclination of the phlebotomists to avoid second venipuncture.
However, we also observe incidence of low specimen volumes 
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(18 per 10,000) in case of closed collection system. This could happen if the phlebotomists withdraw the tube before the vacuum has exhausted. Such a practice, although may not have much impact on the serum sample quality, could result in introduction of preanalytical errors due to changed sample to additive ratios and therefore potentially impact quality of results for certain parameters (3, 4) . Table  2 ) : It is observed that 51 specimens collected in glass vials (per 10,000) had been either broken or spilled in the laboratory. This could be primarily due to the containers being small and prone to breakage (glass) or could also be due to loosely attached rubber caps. When open collection was done using BD Vacutainer® tubes, spillage was not completely eliminated -although it was one third of that observed using vials as specimen containers. This higher spillage in case of open collection could also be attributed to the fact that in case of all open collections, serum was transferred to sample cups before loading into analyzer. This additional step could have posed another increased risk of specimen spillage. As compared to this it is worth noting that in case of closed collection, spillage contributed to just 2 occurrences per 10,000 specimenswhich may have been primarily due to accidental dropping of specimens.
Specimen Leakage and Spillage (column h and i in
Contaminated Specimen: (Refer column j in Table 2 ) : High incidence of contaminated specimens (233 per 10,000) can be seen when vials had been used for collection. Given that re-washed vials were used, contamination could be attributed to the possibility of residual detergent, moisture or remnant of anticoagulant in the vial due to inadequate washing. When open collections were carried out in BD Vacutainer® tubes, there is approximately 10-fold lower incidence of contamination. The total incidence of contamination in case of open collections can also be attributed to the fact that rewashed sample cups were used in case of both vials as well as open BD Vacutainer® tubes. As compared to open collections, closed collections had very low (3 in 10,000) incidence of contaminated samples. The analysis was carried out in primary tubes for all closed collection specimens. Although the incidence of contaminated specimen in case of closed collection is miniscule, these could be arising from factors such as not following order of draw (2, 5) . Besides the above, there have been several reports indicating the impact of inappropriate phlebotomy procedure on specimen quality such as prolonged tourniquet application (6), fist clenching (7, 8) which may affect specimen quality.
Hemolysis (refer column k, l, and m in Hemolysis, caused by rupture of erythrocytes, could arise due to various reasons -some of these are related to the devices used and others to the procedure of phlebotomy. Hemolysis occurs whenever there is trauma to relatively fragile red blood cells, either during collection or after phlebotomy is completed. If blood is drawn with a syringe, drawing the plunger back forcefully or injecting blood into container using pressure could cause hemolysis (9) . Very small amount of hemolysis observed in closed collection system could be even due to various factors such as some metabolic disorders, infectious agents or mechanical issues (12) . Besides the above factors, as discussed in case of contamination, remnants of detergent / moisture in the re-washed vials could have been responsible for consistently higher degree of hemolysis in this category.
Hemolysis affects various tests due to different mechanisms.
There have been reports of several parameters including Potassium, LDH, AST, ALT, CK, GGT, and ALP being affected by hemolysis due to efflux of intracellular constituents (10) . Further, hemolysis could cause chemical, biological, immunological interference with reaction mechanism of several assays (11) Therefore, higher incidence of hemolysis in case of open collections could potentially pose one of the largest risk for specimen result not correlating with patient condition.
Fibrin Clot: (refer column n in Table 2 ) : We observed incidence of post-centrifugation fibrin in 21 (per 10,000) specimens collected in vials. Presence of latent fibrin in serum poses a risk of blocking analyzer probe resulting in no (or reduced) sample aspiration / system breakdown. Postcentrifugation fibrin clot can be formed due to insufficient time given for specimen to clot before centrifugation. This can also happen if the patient is on dialysis or on anticoagulant therapy (9) In view of the above results and discussions, it is evident that BD Vacutainer® closed system for venous blood specimen collection resulted in lower number of preanalytical errors. The usage of needle and syringe collection with re-washed vials and disposable tubes (in this study open BD Vacutainer® tubes) resulted in much higher incidence of specimen quality issues. These additional errors would have a clear impact on avoidable repeats in terms of specimen redraw, retesting, or even potentially producing wrong laboratory results.
